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ABSTRACT 

Differences in the adhesion of three carbon fibers (Hercules AS! and 
AS4, and Hysol-Grafil XAS) to polycarbonate (PC) have been shown to 
correlate with the adsorptivity of PC on the three fiber types. The 
adsorptivity (energy of adsorption) was determine using retention time 
liquid chromatography and the adhesion was measure using the single 
embedded filament tensile test.- A correlation was also found between 
adhesion strength and the 0/N surface element ratio using XPS analysis. 

The chemical details for these correlations have not yet been determined. 

« A study of filament fracture statistics has been initiated using single 
and multiple embedded filament tensile tests. Filament fracture has been 
measured as a function of strain and for different interfiber distances. 

Preliminary results indicate that fiber fracture is a discontinuous function of 
increasing strain and may in fact occur at discrete strain intervals. Fiber- 
fiber interaction effects on fiber fracture have been found for interfiber 
distances of up to two to three fiber diameters. 
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TASK I 


ROHES I ON TO THERHOPLRSTICS 


OBJECT I UE 

OETERniNRTION OF THE EFFECT OF CARBON FIBER SURFACE 
CHEMCRL AND SURFACE HECHAN I CAL PROPERTIES ON CONPOSITE 
PERFORNRNCE; NOTRBLV OELRN I NATION 


* BACKGROUND 

THREE CONHERCIAL CARBON FIBERS DIFFER IN THEIR ADHESION 
TO THERNOPLRSTIC POLVNERS (POLYCARBONATE, ULTEH, PEEK, ETC) 

RSI (HERCULES) LOU ADHESION 

RS4 (HERCULES) LOU ADHESION 

XAS (HVSOL-GRRFIL) - STRONG ADHESION 

USUAL REASONS FOR DIFFERENCES IN ADHESION HRUE BEEN 
ELiniNATED: 

•UEAK BOUNDARY LAYERS 
•SURFACE ROUGHNESS 
•UETTABILITY 
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APPROACH 


TEST FOR FIBER/RRTRIX ROHES I ON 

•SINGLE EN6EDDED FILANEHT TEST 
DETERtllNRTION OF FIBER SURFACE PROPERTIES 
•XPS 

•RC ID-BASE CHARACTER FRON IHUERSE GAS PHASE 
CHROnATOGRAPHV 

•RETENTION TINE CHRONATOGRAPHV 
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TIE SINGLE EMBE1SE* FILAMENT TEST 



• the critical length Ud is related te the interphase shear strength by f 


Ocd 

^“2/c 

Tc - interphase shear 
strength 

Oc * fiber strength 
d - fiber diameter 
/c " fiber critical length 

so that; 



other factors being equal 
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RPPRRRTUS FOR TEHSILE TESTING OF ENBEDOED SINGLE FILRHENT SPECINENS 

•Motor Driven 
•Strain Readout (LOOT) 

•Coeputer Data Processing (to be installed) 
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RETENTION TINE LIQUID CHR0NRT06RRPHV 


DCE 

restfYior 


nTTTrx 

:y.x: 

:y.x: 

:xx: 

2XX3 

*>:>:: 



Dichloroethone (DCE) Solution of Polycarbonate is Injected and the 
Retention Time Taken at the Absorption tlaxieui* 

^UU detector set at 265nn 
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RESULTS 


ROHES I OH 


•CRITICRL LENGTH ORTR IHOICRTE OIFFEREHT BOHO STRENGTHS 
TO THERNOPLRSTICS, FOR EXRNPLE POLVCRRBONRTE EPOXV 

•THE THREE FIBERS HRUE ESSENTIRLLV THE SRNE BOND STRENGTH 
TO THE EPOXV BUT DIFFER IN THEIR ROHES I ON TO 
POLVCRRBONRTE 


Critical Length Data 




Critical Lengths 


{ Matrix 


(mm) 



ASI 

AS4 

XAS 

epoxy (828/m-PDA) 

0.30 

0.38 

0.21 

polycarbonate 

0.95 

0.74 

0.36 
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SURFACE ANALYSIS USING XPS 


Surface Composition of Carbon Fibers From XPS Analysis 


Elemental Composition, % 


Carbon Fiber 

C 

0 

N 

Na 

S 

Cl 

ASI 

79.6 

12.2 

5.3 

2.3 

0.4 

0.2 

AS4 

89.3 

6.7 

3.9 

- 

- 

- 

XAS 

82.7 

9.5 

7.7 

- 

- 

- 


•NO CORRELATION BETUEEN AOHESIQN ( l c )AND ELENEHTRL 
COHPOSITION, HOUEUER:- 

•AN APPARENT CORRELATION UITH OXYGEN/NITROGEN (0/N) 
RRTIO 
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ftC I D-BflSE CHARACTER 


• OETERtl I NED USING INUERSE GAS PHASE CHROnATOGRAPHV 
(PROF. TON UftRD, UIRGfHtR TECH) 

• AS1 NORE ACIDIC THAN XAS 

n RSI TESTS IN PROGRESS 

• BOTH FIBERS HRUE SI HILAR NONPOLAR CHARACTER 


Aai> -BASE Al ALTS IS 


probe Molecule 

character 

l, p (aj/n 2 ) 

♦ 


AS 4 

IAS 

CBClj 

acidic 

- 

21.9 

CCI4 

acidic 

12.8 

11.6 

CH3COCH3 

amphoteric 

149 

87.2 

THF 

basic 

150 

92.7 



T s»< 

■J/« 2 ) 

n-alkanes 

nonpolar 

40.0 

39.3 


- free energy of interaction 
Y S D - nonpolar surface energy 
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RETENTION TINE CHROflflTOGRRPHV 


RETENTION 
TIME (min) 


• SIGNIFICANT DIFFERENCE BETWEEN THREE FIBERS 
•• ABSORPTIVITY OF POLYCARBONATE : 


XAS > AS4 > AS I 


15.0 r 


I 


14.2 4 


I 


13.5 


12.8 


12.0 1 


AS1 AS4 XAS 
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•STRONG CORRELATION BETWEEN RETENTION TIME AND 
ADHESION 
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CONCLUSIONS 


• CARBON FIBER ROHESION TO POLVCRRBONRTE LINKED TO 
ADSORPTIUITY (ENERGY OF ADSORPTION). 

• APPARENT CONNECTION UITH THE O/N RATIO OF SURFACE 
CHEI1 1 CAL SPECIE 

• RETENTION TINE LIQUID CHRONATOGRAPHY A SENSITIUE 
TECHNIQUE FOR NEASURING POLYHER/FIBER CHEN I CAL 
INTERACTIONS (ENERGY OF ADSORPTION) 


FUTURE UORK 


•LIQUID CHRONATOGRAPHY OF POLYNER ROSORPTION ON 
CARBON FIBER 


••RETENTION TINE CONCENTRATION => ADSORPTION 
< ENERGY 

••REFURBISH CHRONATOGRAPH SUPPLIED BY NASA 

••TEST POLYANIDEINIDE (ULTEH), POLYPHENYLENE OXIDE 
UNO POLYSULFONE 

•RE-EXRNINE XPS DATA 

••DECONUOLUTE NITROGEN AND OXYGEN PERKS FOR 
POSSIBLE DIFFERENCES BETWEEN FIBERS 

•DETERNINE ACID-BASE CHARACTER OF FIBERS 

••AS! DATA FRON UIRGINIR TECH 

••AN INUERSE GRS PHASE CHRONATOGRAPH UILL BE IN 
PLACE UITHIN 6 NORTHS (CENTER FOR BIOPOLYNER 
INTERFACES, UNIUEASITV OF UTAH) 
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•SURFACE nOOl F I CRT ION BY PLRSNA TRERTflENT 
••FACILITY AT BYU; DR, BREHT STRONG 
••CHANGE OXYGEN/NITROGEN RATIO 

TREAT UITH 0 2 , NH 2 , NO, C0 2 , ARGON 
NERSURE ROHES I ON 

DETERNINE SURFACE CHENICRL CONPOSITION 
USING XPS 

•INTRODUCE OTHER FIBERS INTO PROGRRN, e.g. IN 7 
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TASK II 


t FIBER FAILURE STATISTICS I 


OBJECT I UE 

USE EMBEDDED FILAHENT TEST TO OETERI1INE “IH-SITU" FIBER 
FAILURE STATISTICS AND FAILURE IHCRONECHANICS UNDER 
LONGITUDINAL LOAD. 

APPROACH 

•EXPERIMENTAL TECHNIQUES HAUE BEEN OEUELOPEO TO FABRICATE 
“MICROCOMPOSITE* SPEC I HENS OF 1 TO 5 FILANENTS 

••FILAMENTS ARE COPLANER AND THE INTERFIBER 
DISTANCE IS ADJUSTABLE 

•ENBEDDED FILAMENT TEST TECHNIQUE OFFERS A UERV SIMPLE 
ANO UNIQUE OPPORTUNITY TO DETERMINE; 

••STATISTICAL LRUS GOUERNING FIBER FRACTURE UITHIN 
A MATRIX POLYMER 


THEORIES OF COMPOSITE LONGITUDINAL 
FAILURE ANO OTHER FAILURE NODES 
ASSUME UEIBULL STATISTICS BASED ON 
SINGLE FILAMENT TESTING IH AIR 


••FIBER FAILURE STATISTICS AS A FUNCTION OF STRAIN 

••EFFECT OF ADJACENT FIBERS ON FAILURE STATISTICS 
AND STRESS DISTRIBUTION AT ADJACENT FIBER BREAKS 
(FROM STRESS BIREFRINGENCE PATTERNS) 
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RESULTS 


•FIBER BREAKS UITH IHCRERSIHG STRAIN 
•• SINGLE FILRNENT OF RSI IN EPOXV 
•• CONBINEO DATA FOR THREE SPEC I HENS 



strain (%) 


CUMULATIVE FIBER BREAKS UITH INCREASING STRAIH 
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h FILAHENT FRACTURE IS R 0 I SCOHT I NUOUS FUHCTIOH OF 
STRAIN: BREAKS OCCUR UITHIN THREE OR POSSIBLY FOUR 
REGIONS OF STRAIN 


FIBER 

BREAKS 


i 


3-1 


2.6 2.8 3 3.2 3.4 3.6 3.8 

STRAIN (K) 



4.2 4.4 4.6 


FREQUENCY DISTRIBUTION OF FIBER BREAKS 


• FILRItENT FRACTURE STRAIN (3-4X) EXCEEDS LRNINRTE 
FAILURE STRAIN (1-2X) 
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•STATISTICAL DISTRIBUTION OF FRR6NENT LENGTHS UITH INCREASING 
STRAIN 


•• AT LOU STRAIN LEUELS FRRGNENT LENGTHS EXHIBIT A 
BINOORL NORURL DISTRIBUTION 


Test Oota for "Noreality" 
Teo Linear Regions 

3,3* STRAIN 



012345678 

fragment length (mm) 
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• AT HIGHER STRAIN LEVELS FRRGNENT LENGTHS 00 NOT FIT 
NORHAL DISTRIBUTION 

•• BETTER FIT BV R TUO-PRRflflETER UEIBULL 

DISTRIBUTION 


4.6XSTRAM 
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• EFFECT OF ADJACENT FIBERS OH FILRHEHT FRACTURE 
STATISTICS <AS4-epoxy) 

n TUO FIBERS 

•• THREE INTERFIBER DISTANCES 

a) < 1 fiber d I dieter 

b) 1-2 fiber diaieters 

c) 4-5 fiber diaieters 

•• SIX STRAIN LEUELSj 3.0, 3.3, 3.6, 4.0, 4. 3, 4.6 X 


• ORTA COLLECTED AND BEING ANALV2ED 

•• Adjacent (< d separation) Fiber Breaks ms 
Interfiber Distance 


STRAIN (X) 

INTEF 

IFIBER DISTANCE 


<1 diaieter 

1-2 diaieters 

4-5 diaieters 





3.0 

1 

0 

1 

3.3 

9 

2 

3 

3.6 

21 

8 

6 


27 

15 

9 

4.3 

27 

17 

9 

4.6 

32 

20 

9 


• PRELININARY RESULTS: 


•• INTERFIBER EFFECTS DECAY UITH INCREASING FIBER 
SEPARATION. NO INTERACTION AT DISTANCES > 4 
DIRHETERS 

•• INTERACTIONS “SATURATE" AT ABOUT 4X STRAIN 
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COHCLUS I OHS 


•FIBER FAILURE STATISTICS CHANGE UITH I HCRERS I HGS STRAIN 

••APPROX I NATE NORNAL DISTRIBUTION AT LOU STRAINS (< 3X) 
••APPROX I NATE UEIBULL DISTRIBUTION AT HIGH STRAINS (>4X) 
•FIBER-FIBER INTERACTIONS DECREASE UITH INTERFIBER DISTANCE 
FUTURE UORK 

• REFINE STATISTICAL ANALYSIS OF FILAI1ENT FRACTURE US TENSILE 
STRAIN 

• ANALYZE "TUO-FIBER" DATA 

•• FRAGtlENT SIZE DISTRIBUTION RELATIUE TO SINGLE FILAHENT 

Strain Level 
Interfiber Dietance 

•OETERNINE FILAHENT FRACTURE STATISTICS FOR THREE AND FIUE 
ADJACENT FIBERS 

•• INTERFIBER DISTANCE 

•• STRAIN LEUEL 

• REPEAT EXPERIMENTS FOR OTHER FIBER TYPES( e.g., IN7, HNS) 

• REPEAT EXPERIflEHTS FOR LOU F I BER/ftflTR I X ADHESION (e.g., AS4- 
polycarbonate) 
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